Kawasaki disease (KD) is an acute febrile vasculitic syndrome of early childhood often complicated by coronary artery lesion that drastically reduces the quality of life. The study aimed to identify a reliable marker for predicting nonresponsiveness to the first course of intravenous immunoglobulin (IVIG) in KD patients. A total of 63 patients with KD were enrolled in the study (IVIG response, 58; IVIG resistance, 5) . Plasma samples were collected before and after IVIG infusion for measurement of biomarkers. Patients' clinical characteristics and laboratory data were also analyzed. A receiver operating characteristic curve was generated to identify a cut-off value for predicting IVIG resistance. Among the biomarkers, the difference in plasma clusterin concentrations before and after IVIG infusion (CLUSTER 12) was significantly related to IVIG resistance ( = 0.040; 95% confidence interval (CI): −25.8% to −6.0%). Using a CLUSTER 12 cut-off value of <8.52 mg/L, the odds ratio for IVIG resistance was 11.467 (95% CI: 1.186 to 110.853). Patients with plasma CLUSTER 12 concentrations >8.52 mg/L had a much higher risk of IVIG resistance than those with CLUSTER 12 concentrations <8.52 mg/L. Plasma clusterin concentration shows promise as a candidate biomarker for predicting IVIG resistance in patients with KD.
Introduction
Kawasaki disease (KD) is an acute febrile vasculitic syndrome that occurs in early childhood. KD is the leading cause of acquired heart disease and is often associated with coronary artery involvement. Of note, KD complicated by coronary artery lesion (CAL) can have a significant negative impact on quality of life in surviving patients. Intravenous immunoglobulin (IVIG) infusion is the gold standard treatment for KD; however, approximately 10% to 20% of patients do not become afebrile or develop recurrent fever after the first course of IVIG [1] [2] [3] [4] . Unresponsiveness to IVIG is also thought to increase the risk of CAL [5] . Thus, identifying factors that cause IVIG resistance may help reduce the occurrence of CAL.
Numerous studies have reported on risk factors for the development of CAL [6] [7] [8] [9] [10] [11] [12] [13] . To date, however, no consistent and reliable criterion has been determined for identifying children most at risk for IVIG resistance and the development of CAL. In a previous study [14, 15] , a unique proteomic profile, including increased or decreased fibrinogen, alpha-1-antitrypsin (A1AT), clusterin, and immunoglobulin free light chains, was found to be associated with KD. Among these biomarkers, plasma clusterin is a potential biomarker of KD for predicting the occurrence of CAL. The aim of this study was to identify a reliable biomarker for predicting nonresponsiveness to an initial course of IVIG in patients with KD.
Material and Methods

Patients.
Patients with KD who were admitted to Chang Gung Children's Hospital (Kaohsiung, Taiwan) from February 2008 to March 2011 and treated with IVIG (2 g/kg), followed by low-dose aspirin (3-5 mg/kg/day as a single daily 2 The Scientific World Journal dose) until all signs of inflammation had resolved, were enrolled in the study.
The patients' clinical characteristics and laboratory data were recorded. Plasma samples were collected within 24 h before and after IVIG treatment. These samples were aliquoted and stored at −80 ∘ C until further evaluation. Patients received regular heart echocardiography examinations during the acute febrile stage and thereafter every two weeks for three months. CAL was defined by an internal coronary artery diameter of ≤3 mm (4 mm if the subject was >5 years old) or a segment internal diameter that was at least 1.5 times greater than that of an adjacent segment [16] . IVIG resistance was defined as the return of fever associated with one or more of the original symptoms (that led to the diagnosis of KD) within 48 to 72 hours after initial IVIG treatment [17] .
The Institutional Review Board of Chang Gung Memorial Hospital approved the study protocol, which was performed in accordance with the 1964 Declaration of Helsinki. All patients' parents provided written informed consent.
Biomarker Enzyme-Linked Immunosorbent Assays.
The plasma concentrations of A1AT, clusterin, fibrinogen, and human immunoglobulin free light chains kappa and lambda were measured by enzyme-linked immunosorbent assay in accordance with the manufacturers' instructions: A1AT (GenWay Biotech, San Diego, CA), clusterin (secreted form) (AdipoGen, Seoul, Republic of Korea), fibrinogen (AssayPro, Charles, MO), and human immunoglobulin free light chains kappa and lambda (BioVendor Laboratory Medicine, Modrice, Czech Republic). We chose to measure the concentrations of these proteins based on previous proteomic profiling.
Statistical Analysis.
To evaluate the relationship between biomarkers and IVIG resistance, the patients were divided into two groups: IVIG responders and IVIG nonresponders. Continuous variables are expressed as mean ± standard deviation. Statistical comparisons between the two groups were made using the Wilcoxon rank sum test or Kruskal Wallis test, where appropriate. A receiver operating characteristic (ROC) curve was generated to identify a clusterin cut-off value for predicting IVIG resistance. The specificity and sensitivity of the ROC were calculated with 95% confidence intervals (CIs). The optimal cut-off value was defined as the highest Youden index ((specificity + sensitivity) − 1).
The associations between the biomarkers and IVIG resistance were determined by multivariate logistic regression. Forward selection was used to obtain a final model. Odds ratios were adjusted for clinical characteristics and laboratory data were obtained for each potential biologic marker using IVIG resistance as the dependent variable and the biomarker (the difference in the plasma clusterin concentration between before and after IVIG infusion (CLUSTER 12) was categorized as either ≤8.52 or >8.52 mg/L) as the independent variable. A value <0.05 was considered to be statistically significant. All statistical analyses were performed using SPSS for Windows XP (SPSS, Chicago, IL). 
Results
During the study period, 63 patients with KD were enrolled and treated with IVIG. Among these patients, 58 had a response to initial IVIG therapy and 5 did not. The demographic and clinical characteristics of the 63 patients included in the study are summarized in Table 1 . There were no differences between the IVIG response and resistance groups in terms of age, sex, hemoglobin, total leukocyte count, segment, lymphocyte, monocyte, eosinophil, basophil, platelet count, aspartate aminotransferase, alanine aminotransferase, and C-reactive protein. There was a significant difference in CAL (Table 2) . Table 3 summarizes the plasma biomarkers for each group of patients before and after IVIG. Some factors were further analyzed to determine if they were related to IVIG resistance. Among these factors, the difference in the plasma clusterin concentration before and after IVIG infusion (CLUSTER 12) was significantly related to IVIG resistance ( = 0.040; 95% CI: −25.8% to −6.0%). Therefore, patients with lower CLUSTER 12 values had less IVIG resistance than patients with higher CLUSTER 12 values.
To identify the optimal plasma CLUSTER 12 concentration for predicting IVIG resistance in patients with KD, a cut-off value was determined. Using ROC curve analysis, an area under the ROC curve of 0.78 was determined (Figure 1) . The optimal cut-off value for predicting IVIG resistance according to the maximum Youden Index was 8.52 mg/L (80.0% sensitivity and 74.1% specificity). The rate of IVIG resistance in patients with a plasma CLUSTER 12 concentration ≤8.52 mg/L was lower than in patients with a plasma CLUSTER 12 concentration >8.52 mg/L (2.30% versus 21.1%, Figure 2 ).
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Discussion
KD complicated by CAL can significantly impair the quality of life in surviving patients. Preventing serious cardiac complications is the primary goal of treatment in KD. Unfortunately, some patients experience IVIG resistance, which is associated with poor coronary artery outcomes. Developing an effective strategy for the early detection of resistance to IVIG treatment in patients with KD is crucial. Although several predictive biomarkers have been described [18, 19] , there have been no consistent and reliable criteria reported for identifying children most at risk of IVIG resistance and developing CAL. In the present study, we assessed several important biomarkers in an effort to identify predictors of a nonresponse to initial IVIG. Our results show that the difference between plasma clusterin concentrations before and after IVIG infusion (CLUSTER 12) was significantly related to IVIG resistance. Using a cut-off value of CLUSTER 12 ≤8.52 mg/L, only 2.30% of patients with KD were IVIG resistant in our cohort. Thus, a CLUSTER 12 concentration >8.52 mg/L may be a good predictor of IVIG resistance in patients with KD.
In previous reports [1, 20, 21] , patients who were IVIG resistant were found to have a higher risk of coronary artery abnormalities. In the present study, 92% (58/63) of patients responded to initial IVIG therapy and 8% (5/63) of patients did not. Of note, we found that the presence of CAL was significantly related to IVIG resistance ( < 0.001). Patients who were IVIG resistant had a higher probability (5/5, 100%) of developing coronary artery abnormalities. Therefore, identifying IVIG resistance in patients with KD patients is critical so that these patients can be prescribed more aggressive initial therapy, such as administration of pulsed intravenous methylprednisolone (along with initial IVIG), to help prevent coronary artery complications [22] .
Clusterin (also named apolipoprotein J) has been associated with inflammation and lipid metabolism, as well as the pathophysiologic sequelae of these conditions, such as cardiovascular disease and malignancy. Recent studies have found that clusterin may play a role in vascular smooth muscle migration and proliferation and exert a cardioprotective effect on cardiomyocytes and coronary vessels [23, 24] . Previous studies have established that plasma clusterin concentrations are higher in patients with KD than in other febrile patients [15] and that low clusterin concentrations are restricted to patients with KD who have CAL. An early biomarker (clusterin < 12 mg/L) before IVIG treatment has been proposed to predict the occurrence of CAL. The present study shows that IVIG resistance is higher in patients with KD who have plasma CLUSTER 12 concentrations >8.52 mg/L. This implies that patients with KD who have plasma CLUSTER 12 concentrations >8.52 mg/L may need more intensive treatment to prevent the need for retreatment and the occurrence of coronary artery complications.
Although altered plasma clusterin concentrations have been reported in patients with coronary heart disease, the pathophysiological mechanism underlying these alterations and the association with KD remains unknown [25] [26] [27] . Results from our study show that the difference between plasma clusterin concentrations before and after IVIG infusion may be a candidate for predicting IVIG resistance. We found that plasma CLUSTER 12 concentrations >8.52 mg/L were associated with a much higher risk of IVIG resistance in patients with KD. Our finding that plasma clusterin concentrations are elevated after IVIG infusion in patients who are IVIG resistant suggests that clusterin may also play a role as an inflammatory mediator with a cytoprotective effect. van Dijk et al. [23] previously reported that intravenous clusterin administration reduced myocardial infarct size in rats. In addition, previous studies have also shown that clusterin mRNA and protein concentrations are upregulated in models of myocarditis and ischemia and localized in necrotic areas of cardiomyocytes after myocardial infarction. Further, clusterin has been demonstrated to protect cardiomyocytes from ischemia-induced cell death in vitro [28, 29] .
In summary, we suggest that clusterin may serve as a potential novel therapeutic target in the treatment of KD. Further large-scale studies are required to validate this predictive marker and determine the pathophysiologic role of clusterin in KD.
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